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(54) Polymer organic light emitting device with improved color control 



(57) An OLED[1 00, 200, 300] for emitting light at a 
predetermined peak wavelength, X. The OLED[100, 
200, 300] includes an anode layer[106, 206], a cathode 
layer[112, 212] and an electroluminescent layer[110, 
210] constructed from an organic light emitting com- 
pound that generates light, including light having a 
wavelength equal to X, by the recombination of holes 
and electrons. The electroluminescent layer[110, 210] 
is electrically connected to the anode layer[106, 206] 
and the cathode layer[1 12, 21 2] and is located between 
the anode and cathode layers. The OLED[100, 200, 
300] includes a first reflectory 04, 202] and second re- 
flector, displaced from one another. The anode layer 
[106, 206] or cathode layer[112, 212] can serve as one 



of the reflectors. A spacer layer[108, 208, 220] con- 
structed from a material that is transparent at X is includ- 
ed between the reflectors and has a thickness that is 
adjusted such that the optical path length between the 
first and second reflectors is equal to NX/2, where N is 
a positive integer. The spacer[108, 208, 220] may in- 
clude a hole transport material located between the 
electro I umniscent layer[110, 210] and the anode layer. 
The spacer[108, 20B, 220] may also be constructed 
from a layer that is located between the anode or cath- 
ode layers and one of the reflectors. If the spacer layer 
[1 08, 208, 220] is located between the anode and cath- 
ode layers, the spacer layer[1 08, 208, 220] is construct- 
ed from an electrical ly conducting material. 
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Description 

Field of the Invention 

[0001] The present Invention relates to electrolumi- 
nescent devices, and more particularly, to the fabrica- 
tion of organic light emitting diodes having more predict- 
able colors. 

Background of the Invention 

[0002] Organic polymer-based electroluminescent 
devices (OLEDs) have the potential for providing inex- 
pensive alternatives to alpha-numeric displays and x-y 
addressable displays. Typically, an OLED consists of a 
transparent substrate coated with a transparent con- 
ducting material, such as Indium Tin oxide (ITO), one to 
five organic layers and a cathode made by evaporation 
or sputtering a metal of low work function characteris- 
tics, such as Ca or Mg. The organic layers are chosen 
so as to provide charge Injection and transportfrom both 
electrodes to the electroluminescent organic layer (EL) 
where charges recombine emitting light. Usually there 
are one or two organic hole transport layers (HTL) be- 
tween the ITO and EL, as well as one or two electron 
injection and transporting layers (EL) between the cath- 
ode and the EL. 

[0003] The output spectrum generated by such devic- 
es often differs significantly from that predicted from the 
chemical structure of the material used forthe EL layer. 
When the device output spectrum differs from the de- 
sign spectrum, the designer typically adjusts the com- 
position of the EL material and tries again. This hit or 
miss approach substantially Increases the design cost. 
[0004] In full color pixelated displays, the designer 
must provide three colors of pixels, and hence, the prob- 
lems of unpredictable color output are increased. In ad- 
dition, the color pixels must provide similar light outputs 
for any given drive current. 

[0005] Broadly, It Is the object of the present Invention 
to provide an Improved OLED. 

[0006] It is a further object of the present Invention to 
provide an OLED that has a predictable color output. 
[0007] These and other objects of the present inven- 
tion will become apparent to those skilled in the art from 
the following detailed description of the invention and 
the accompanying drawings. 

Summary of the Invention 

[0008] The present invention is an OLED for emitting 
light at a predetermined peak wavelength, X. The OLED 
includes an anode layer, a cathode layer and an elec- 
troluminescent layer constructed from an organic light 
emitting compound that generates light, including light 
having a wavelength in a band around k, by the recom- 
bination of holes and electrons. The electroluminescent 
layer Is electrically connected to the anode and the cath- 



ode layers and is located between the anode and cath- 
ode layers. The OLED includes first and second reflec- 
tors, displaced from one another. The anode or cathode 
layers can serve as one of the reflectors. A spacer layer 

5 constructed from a material that is transparent at k is 
included between the reflectors and has a thickness that 
is adjusted such that the optical path length between the 
first and second reflectors is equal to N A/2, where N is 
a positive integer. The spacer layer may include a hole 

*0 transport material located between the electrolumines- 
cent layer and the anode. The spacer layer may also be 
constructed from a layer that is located between the an- 
ode or cathode layers and one of the reflectors. If the 
spacer layer Is located between the anode and cathode 

t5 layers, the spacer layer is constructed from an electri- 
cally conducting material. 

Brief Description of the Drawings 
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[0010] The present invention may be more easily un- 
derstood with reference to Figure 1 t which Is a cross 
sectional view of an OLED 10. OLED 10 includes an 

40 electron Injection electrode 12 (the cathode), an elec- 
tron transport layer 14, an electroluminescent layer 16, 
a hole transport layer 18, and finally a hole Injection elec- 
trode 20. The electron transport and hole transport lay- 
ers are usually designed to facilitate charge transport 

45 and assist charge balance to optimize charge recombi- 
nation In the electroluminescent layer. The anode is typ- 
ically a transparent electrode, such as a layer of Indium 
tin-oxide on top of a transparent support (glass or plas- 
tic). The cathode is typically a vapor deposited metal, 

so preferably with a work-function closely matching the en- 
ergy level of the electron transport layer. It should be 
noted that the electron transport and hole transport lay- 
ers are optional. The most commonly used polymeric 
materials for the electroluminescent layer are deriva- 

55 tives of p-phenylene vinylene such as Poly[2-dic- 
holestanoxy-p-phenyiene-vinylene] (BCHA-PPV) and 
poly (2-methoxy-5-(2"-ethyl-hexoxy)-1,4-phenylene vi- 
nylene) (MEHPPV). 



20 [0009] 

Figure 1 is a cross -sectional view ol 

Figure 2 is a cross-section of an OLE 
25 ing to the present invention. 

Figure 3 is a cross-sectional view ol 
according to another preferred emb 
present Invention. 

30 

Figure 4 is a cross-sectional view of ) 
bodlment of an OLED according to 
ventlon. 

35 Detailed Description of the Invention 
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[0011] The present invention is based on the obser- 
vation that the two electrodes form the mirrored ends of 
an optical cavity that distorts the output spectrum of the 
EL layer. Even when a transparent electrode such as 
I TO is utilized, the difference In index of refraction be- 
tween the hole Injection layer material and the anode, 
or between the transparent substrate and the surround- 
ing air, results in the anode reflecting a significant frac- 
tion of the light striking the anode back toward the cath- 
ode. The cathode is typically a metal, and hence, re- 
flects light striking it back toward the anode. While only 
a few reflections are present due to absorption of the 
light by the EL layer, there are sufficient reflections to 
provide constructive interference at wavelengths, X t 
such that 



N 3U2D, 



0) 



where D is the optical path length between the reflecting 
surfaces. If the output spectrum of the EL layer includes 
wavelengths that satisfy Eq. (1), that portion of the spec- 
trum will be accentuated, and the resulting spectrum will 
differ significantly from that predicted from the chemical 
composition of the EL layer. 

[0012] The present invention makes use of this con- 
structive interference to tune the output spectrum of the 
OLED. To provide an OLED with an output spectrum that 
is peaked at X, an EL material having a broad output 
spectrum with a significant output at X is chosen, and 
distance between the reflecting ends of the cavity is cho- 
sen to satisfy Eq. (1 ). In general, this will require that the 
ends of the cavity be moved further apart relative to the 
distance between the electrodes normally utilized in 
OLEDs. 

[0013] In addition, the number of reflections is in- 
creased by placing a reflecting coating or other form of 
mirror under the anode when a transparent anode such 
as ITO Is utilized. The reflecting coating, orthe cathode, 
is chosen such that part of the light generated In the de- 
vice can still exit through the coating or cathode. 
[0014] In one embodiment of the present Invention, 
the distance between the reflecting ends Is adjusted by 
adjusting the thickness of one or more of the layers. In 
this regard, it should be noted that the layer chosen must 
have two properties. First, the material must be highly 
conductive compared to the other layers. In general, the 
thickness of the layer in question will be much greater 
than that of the EL layer. If the layer has a resistance 
that is comparable to that of the EL layer, the voltage 
drop across this layer will Increase the voltage required 
to operate the device. -In addition, the power loss across 
the layer will be substantial, and hence, the overall de- 
vice efficiency will be low. In general, the resistivity of 
the EL layer Is too great to allow the EL layer to be used 
for adjusting the optical path length. 
[0015] Second, the material in the layer that is chosen 
must be transparent at the desired wavelength. In gen- 



eral, the EL layer is not highly transparent. Hence, the 
chosen layer must be much more transparent than the 
EL layer to assure that the additional material does not 
result in a loss of efficiency due to light absorption. 

5 [0016] In this preferred embodiment of the present in- 
vention, the hole transport layer (HTL) is chosen as the 
adjustment layer. For example, the HTL layer may be 
constructed from poly(3,4-ethylenedioxythlophene) 
(PEDOT). PEDOT has sufficient transparency and has 

10 a resistivity that ismuch less than that of the compounds 
typically utilized for the EL layer. If a more transparent 
layer is needed, the PEDOT may be mixed with more 
transparent particles as described below to provide a 
layer with a higher transparency. 

is [0017] Refer now to Figure 2, which is a cross-section 
of an OLED 100 according to the present invention. 
OLED 1 00 is constructed on a substrate 1 02, which has 
a layer 104 of aluminum deposited thereon. The alumi- 
num layer provides one of the mirrors that define the 

20 optical cavity. A transparent anode 1 06 Is deposited on 
the aluminum mirror. The anode Is preferably ITO. The 
HTL 108 is then deposited on the anode. The HTL is 
preferably constructed from a layer of PEDOT. Next, the 
EL layer 110 is deposited over the HTL 108. Finally, a 

25 semi-transparent cathode 1 1 2 is deposited over the EL 
layer. The cathode layer is preferably constructed from 
a thin layer of Ca covered with a thin layer of gold. The 
thickness of the HTL is chosen such that the optical path 
length between the anode and cathode satisfies Eq. (1 ) 

30 with X equal to the desired output wavelength for the 
OLED. 

[0018] It should be noted that the spacer layer need 
not be located between the anode and cathode. Refer 
now to Figure 3, which Is a cross-sectional view of an 

35 OLED 200 according to another preferred embodiment 
of the present invention. OLED 200 is similar to OLED 
100 discussed above in that it is constructed from a 
transparent anode 206 which is preferably a layer of In- 
dium tin oxide (ITO). A HTL 208, EL layer 21 0, and cath- 

40 ode 1 2 are deposited In that order on anode 206. OLED 
200 differs from OLED 1 00 In that anode 206 is depos- 
ited on a transparent spacer layer 220 such as Sl0 2 
which is deposited on a reflecting layer 202 that acts as 
the end mirror that defines the optical cavity together 

^5 with cathode 21 2. Reflecting layer 202 may be a metallic 
layer or a mirror constructed from layers having different 
indices of refraction. Such mirrors are well known In la- 
ser arts, and hence, will not be discussed in detail here. 
In either case, the distance between the tap reflecting 

so electrode and mirror reflecting layer 202 is set such that 
the optical path length between these two reflecting sur- 
faces is an Integer multiple of V2. In this case, the spac- 
er layer need not be constructed from an electrically 
conducting material. 

55 [0019] It should also be noted that the spacer layer 
may be const ructed from a mixture of components to 
provide increased clarity. Refer now to Figure 4, which 
Is a cross-sectional view of another embodiment of an 
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OLED according to the present invention. OLED 300 is 
similar to OLED 100 shown in Figure 2. To simplify the 
following discussion, those elements that serve the 
same function in OLED 300 as elements in OLED 100 
have been given the same numeric designations. In 
OLED 300, the HTL layer 308 acts as the spacing layer. 
Spacer layer 308 can be constructed from a mixture of 
glass beads 31 0 and PEDOT. The PEDOT fills the area 
312 between the beads, and hence, provides the nec- 
essary conductivity. The PEDOT provides a close 
enough match to the index of refraction of the beads to 
assure that the layer appears to be a single layer with 
transmission characteristics near those of glass. Since 
the transparency of the glass beads is much greater 
than that of the PEDOT, the resulting layer has a trans- 
parency that is substantially greater than that of a layer 
of the same thickness constructed from PEDOT 
[0020] Various modifications to the present Invention 
will become apparent to those skilled in the art from the 
foregoing description and accompanying drawings. Ac- 
cordingly, the present invention is to be limited solely by 
the scope of the following claims. 



Claims 

1 . An OLED[1 00, 200, 300] for emitting light at a pre- 
determined wavelength, X, said OLED[100, 200, 
300] comprising: 

an anode layer[106, 206]; 

a cathode layer[112, 212]; 

an electroluminescent layer[1 10,210] compris- 
ing an organic light emitting compound for gen- 
erating light including light of said predeter- 
mined wavelength by the recombination of 
holes and electrons, said electroluminescent 
layer[1 10,210] being electrically connected to 
said anode and said cathode and being located 
between said anode and cathode; and 



layer[106, 206] or said cathode layer[112, 212]. 

3. The OLED [100, 200, 300] of Claim 1 or 2 wherein 
said second reflector [112, 212] comprises either 

5 said anode layerf/l 06, 206] or said cathode layer 
[112,212]. 

4. The OLED [1 00, 200, 300] of one of the preceding 
Claims wherein said spacer [108, 208, 220] com- 

io prises a hole transport material located between 
said electroluminescent layer [110, 210] and said 
anode layer [106, 206]. 

5. The OLED [1 00, 200, 300] of Claim 4 wherein said 
is hole transport material comprises PEDOT. 

6. The OLED [1 00, 200, 300] of Claim 4 or 5 wherein 
said spacer [1 08, 208, 220] further comprises trans- 
parent particles [31 0] mixed with said hole transport 

20 material. 

7. The OLED [100, 200, 300] of one of the preceding 
Claims wherein said electroluminescent layer [110, 
210] lies between said anode layer [106, 206] and 

25 said cathode and wherein said spacer [108, 208, 
220] lies between said cathode layer and one of 
said first and second reflectors. 

8. The OLED [100, 200, 300] of one of Claims 1 to 6 
30 wherein said electroluminescent layer [110, 210] 

lies between said anode layer [106, 206] and said 
cathode layer [112, 212] and wherein said spacer 
layer [1 08, 208, 220] lies between said anode layer 
[106, 206] and one of said first reflector [104, 202] 
35 and second reflector [112, 212]. 

9. The OLED [100, 200, 300] of one of the preceding 
Claims wherein said spacer [108, 208, 220] com- 
prises a transparent electrically- Insulating material. 

40 



a first reflectory 04, 202]; 

45 

a second reflectory 12, 212], said second re- 
flectory 2, 212] being partially reflecting and 
being displaced from said first reflector[1 04, 
202], such that the optical path length between 
said first and second reflectors is D; so 



a spacer layer[1 08, 208, 220] comprising a ma- 
terial that is transparent at X, 

wherein D=N 7J2, N being a positive integer. 55 

2. The OLED[1 00, 200, 300] of Claim 1 wherein said 
first ref lectori 1 04, 202] comprises either said anode 
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